Since ceramic tile industry is an energy intensive industry, European ceramic companies are challenged to reduce their CO2 emissions in the medium and long-term. According the Roadmap for moving to a low-carbon economy in 2050 (European Commission, 2011) the objective is to achieve a reduction in CO2 emissions of between 34 % and 40 % by 2030, and between 83 % and 87 % by 2050. In the present paper we present a study on the viability of the incorporation of biofuels in the energy mix of the Spanish ceramic industry with the objective of (1) identifying the potential use of biomass resources, with a special focus of forest and agricultural biomass, in the manufacturing process of ceramic tile products; (2) identify in what part of the production process it can be introduced; and (3) calculate the reduced environmental impact from the manufacture of ceramic materials through a reduction in carbon dioxide emissions. In order to proceed we firstly present the relevant state of the art for the study of the use of biomass for the ceramic manufacturing process. We continue with the methodology for biomass resources evaluation and present relevant data on forest and agricultural biomass for the ceramic tile industry. We then present data on the evolution and actual energy demand of the ceramic tile industry to characterize its energy demand. And then we identify an opportunity for biomass use in a specific phase of the manufacture of ceramic products, estimating the savings of fossil fuels and the reduction of carbon dioxide emissions and therefore assessing the environmental impact reduction through the introduction of biomass in the manufacturing process of ceramic tile products.
INTRODUCTION
There is a growing concern on the unsustainability of the actual production model of the so called developed countries, even more facing the rapid growth of other economies, and especially of those of Brazil, Russia, India and China (the BRIC countries), the consequent increase on the demand of energy and raw materials to feed that growth, and the diminishing capacity of the environment to assimilate, in a non-traumatic way, all that impacts of that economic activity. In mature industries, past success has often rested partially on comparative advantages such as pioneering activity, protected markets or, as in the case of the Spanish tile industry, because of favourable environmental regulation, raw material, transport and labour cost differentials (Gabaldón-Estevan & Hekkert, 2013). With globalisation and the entry of new producers some of those earlier comparative advantages have become comparative disadvantages, as newcomers are operating under less restrictive legislation and lower costs. The challenge for mature districts increasingly depends in their ability to upgrade and innovate to avoid "getting locked into a race to the bottom" (Schmitz, 2004 ). An example of it is the Spanish ceramic tile industry where, during the early phases of its development, legislation was favourable compared to competitors from Italy in terms of employment and environmental issues. However, Spain's membership of what was the European Economic Community, now European Union, has progressively reduced these differences to the point that competition currently comes from new entrants from China, Brazil, Mexico, etc. and is similar to that faced by the Italian tile industry. Consequently there is a need for mature industries to be innovative in order to face these challenges.
According to Gabaldón-Estevan et al. (2014b) at the EU the manufacturing subsectors with lower productivity and exposed to an international market are more vulnerable to the increasing pressure on environmental regulations as they have to confront competitors playing in the same field but at non-EU countries. This in turn is provoking a debate over the sustainability of the so-called traditional industries in the EU due to increased public awareness of the diminishing capacity of the environment to assimilate the impacts of human activity and increased demand for environmental sustainability. The analysis of environmental innovations, understood as "all the changes in the product portfolio or in the production processes that tackle sustainability targets, like waste management, eco-efficiency, emissions reduction, recycling, eco-design or any other action implemented by firms to reduce their environmental footprint" (De Marchi, 2012: 615) , is a growing research area in both the social and natural sciences (Markard et al., 2012) .
As a consequence there is a growing awareness of the environmental challenges facing the ceramic tile industry in the coming years, especially those related to energy and emissions (Monfort et al., 2014) , and the potential of its innovation system, through environmental innovation, to generate and adapt technologies and improve production techniques (Gabaldón-Estevan et al., 2014a). In fact, European ceramic companies are challenged to reduce their CO2 emissions in the medium and long-term as signalled by the Roadmap for moving to a low-carbon economy in 2050 (European Commission, 2011) . This document provides objectives for reducing CO2 emissions in all industrial sectors including ceramics. The objective is to achieve a reduction in CO2 emissions of between 34 % and 40 % by 2030, and between 83 % and 87 % by 2050.
This paper* attempts to help bypassing the obstacles of the ceramic tile industry look-in by assessing the opportunity of a biofuel niche development. For this we continue with the methodology for biomass resources evaluation and present relevant data on forest and agricultural biomass for the ceramic tile industry. We then present data on the evolution and actual energy demand of the ceramic tile industry and characterize its energy demand. We then we identify the opportunity for biomass use in a specific phase of the manufacture of ceramic products and estimate the savings of fossil fuels and the reduction of carbon dioxide emissions in order to assess the environmental impact reduction through the introduction of biomass in the manufacturing process of ceramic tile products.
METHODOLOGY FOR BIOMASS RESOURCES EVALUATION
Methodologically it can be analysed wide geographic areas by making subdivision and considering a potential biomass plant in each subdivision. Subdivision size can obey to administrative boundaries (default option), customer defined groups of municipalities or other specific criteria (i.e. upper limit for transport distance).
Biomass sources considered in this analysis are those derived from forestry, agricultural crops (woody crops as olives, grapes, oranges, almonds, apples, etc.; and herbaceous crops such as rice, wheat, barley, maize) and agro-industries (olive oil industries, wine production industries, dry fruits peeling plants, rice mills, and the like). For this research, quantification of biomass resources is performed using generation ratios as those described in Table 1 . These generation ratios and characterization of produced waste biomass (higher heating value, moisture and ash content) have been obtained from existing bibliography ( The methodology includes the analysis of availability, for energy use in industries or power plants, of each type of agricultural and forestry waste biomass (availability coefficients), defined according to bibliography (Voivontas et al, 2001 ; EUBIONET, 2003) and additional surveys performed by the authors, being important to take into account other uses of biomass (i.e. animal feeding, domestic fuel), and size of agricultural plots. In Table 2 it has been included a summary of availability considerations. For agricultural waste biomass global availability was in the range 20-40 % referred to the total theoretical biomass production. The Spanish tile industry, which includes production of ceramic floor and wall tiles, decorative pieces, frit and glaze, machinery and equipment as well as other activities related to the ceramic process, has adopted an industrial district agglomeration (Gabaldón-Estevan et al., 2012) and is located in Castellon province, in the north of the Valencia region (Figure 1 ). More than 90 % of both Spanish tile companies and Spanish tile production is concentrated in the Castellon province in a small area of about 20 kilometre radius.
Geographic location of biomass residues can be performed using GIS with a resolution of 1-km 2 pixel or using municipalities as minimum area units, Figure 1 shows the biomass resources evaluation results (including availability considerations) per municipality as biomass density according to total municipality area. 
EVOLUTION AND ACTUAL ENERGY DEMAND OF THE CERAMIC TILE INDUSTRY
Tile industry consumes considerable amounts of energy along its value chain. Starting from mining activities, the transport of those materials to the processing plants, the processing of those materials to make them ready for the tile production, the tile production itself and the storage and the delivery of those tiles once packed. Last century tile industry made two radical energy transitions: from traditional biomass to hydrocarbon resources, first to fuel and then to natural gas (Figure 2 ). And although nowadays fuel and electricity are also consumed in the sector, the main energy source consumed is natural gas. Gas feeds the most energy consuming facilities within the ceramic manufacturing process, this is to say, the spray dryers (dryers for ceramic slurry) that represents 36 % of thermal energy consumption. The driers (dryers of the green bodies of the tiles), that represents 9 % of thermal energy consumption. And the kilns, where final product is fired representing the 55 % remaining thermal energy consumption. Electricity is consumed in all other activities of the ceramic processing.
Most spray dryers have installed a cogeneration system, which consists of a gas turbine, where both thermal energy and electricity are produced simultaneously. The thermal energy is contained in the combustion gases of the gas turbine, that are used in the spray drying process as drying gases. The electricity produced can be consumed in the process or send to the electricity grid, depending on the choice of the company. The global efficiency of this system (cogeneration + spray dryer) is 85-90 %, which has led in a reduction of carbon dioxide (CO2) and nitrogen dioxide (NO2), comparing with the initial situation, which was a power central station to produce electricity and a burner fuelled by natural gas for producing hot gases for the spray dryer.
In general, the technology of the manufacturing ceramic process is a mature technology. Although measurements to assess efficiency in real plants are difficult to obtain an optimal efficiency, according to representatives of the industry, with the technologies available, has nearly been achieved, due to the fact that in general the ceramic sector is using Best Available Techniques. Some activities are being implemented to further reduce energy consumption, such as combustion air pre-heating, energy recovery from kilns to dryers or spray dryers, improvements in burners design, etc., but important further CO2 emissions reduction should only be achieved by incorporating new technologies. In fact, CO2 emissions trends have been similar (Figure 3 ) since most CO2 emissions are due to the combustion process (90 %). The remaining 10 % is due to the decomposition of the carbonates used for the body composition of earthenware (wall) tiles. Hence the floor/wall tile production ratio has a minor effect on total CO2 emissions. 
ENVIRONMENTAL IMPACT REDUCTION THROUGH THE INTRODUCTION OF BIOMASS IN THE MANUFACTURING PROCESS OF CERAMIC TILE PRODUCTS
Within the various possibilities, such as agricultural residues; dedicated energy crops; forestry; industry; parks and gardens; waste; or other (such as roadside hay, husks/shells), for this work we focus on forestry and agricultural residues. Parent et al. (2014) point that the global transition from fossil fuel-based energy sources to renewable energy sources will be most effective, for at least the near future, by utilizing local resources and existing infrastructure.
As we have mentioned above, within the manufacturing process firing and drying are the environmental hot spots. Biomass could be used on drying process (with indirect heat exchanger) with oil boiler. In words of the European Ceramic Industry: "For high-temperature firing, the most promising way to reduce fuel emissions is to replace natural gas by biogas or syngas from biomass or waste, modifying existing kilns through retrofitting. Syngas produced by the gasification of organic waste or biomass also has a higher potential to replace natural gas and significantly reduce emissions, particularly in the brick and roof tile sectors. On average, the kiln represents 80 % of the natural gas consumption of a clay production unit. Substitution rates of up to 80 % syngas could technically be possible in some plants, with a potential reduction of running costs. This could reduce CO2 emissions by over 30 %" (Cerame-Unie 2012: 13)
The major factors influencing design of equipment are (1) the fuel properties (e.g. bulk density, moisture, proximate and ultimate analysis, calorific value, ash properties, and size characteristics); (2) the thermal requirement (e.g. heat load, processing temperature, furnace and heat exchanger design, etc.); (3) the economics (e.g. cost of available fuels, labour rates, equipment costs); (4) the local factors (e.g. operational and construction/maintenance skills, spares availability, roads and local infrastructure, environmental legislation); and (5) the fuel handling.
Also, the selection of suitable handling equipment for biomass fuels is important. Biomass fuel quality is very variable in terms of moisture content, shape and size, and contamination. Flow properties are strongly influenced by such quality variations. Use of hoppers for particulate biomass storage is greatly dependent upon having effective discharge equipment. Common devices are stirring screws, rotary screw conveyors, travelling screw conveyors and en-mass bottom grid conveyors. Such systems are expensive, so storage in piles is common.
Moving biomass fuel mechanically, as in automatic feeding into furnaces, will usually require either pneumatic, screw or trough type conveyors -with choice depending on the particular properties of the fuel.
Thermal oils or heat transfer fluids are widely used to carry thermal energy in process heating, metal working and machine cooling applications. They are mainly used in high temperature process applications where the optimum bulk fluid operating temperatures of between 150 ºC and 400 ºC are safer and more efficient than steam, electrical, or direct fire heating methods.
According to BIOVAL (Ref. MAC/3/C216) project, biomass transport cost (including first transformation), is about 60 €/t. The biomass available in the province of Castellón is mainly of forest origin (60 % of the area of the province is forest land) and there is great potential for biomass from woody crops (mainly citrus, olive and almond trees). At the provincial level forest residual biomass is estimated at 40,000 tons and about 150,000 tons agricultural waste. It should be noted that the properties of the biomass as fuel are suitable for use energy, and its calorific value, dry, of 17.5-19.9 MJ/kg and ash percentages of 1-3 % (dry basis).
At Valencia regional level biomass properties are similar except for rice areas under irrigation and rain fed cereal (for these areas the calorific value drops by 8-12 %, and the percentage of ash can reach up to 18 % (e.g. rice straw). The representative price of forest-based chips (the most commercially available) is in the range 45-55 €/t (25 % moisture approx.).
The drying process fuel consumption is of about 3 to 3.9 kWh/m 2 depending on type of tile (Monfort et al. 2010 ), as 1 tone of fresh biomass has about 2,980 kWh, thus each tonne could cover drying fuel need equivalent to 764 up to 993.3 m 2 of tiles. Therefore net CO2 savings, taking into account biomass transport and conditioning, could be about 0.5 to 0.6 kg CO2 per m 2 .
CONCLUSIONS
In the present paper we have presented a study on the viability of the incorporation of biofuels in the energy mix of the Spanish ceramic industry with three objectives: Firstly to identify the potential use of biomass resources, with a special focus of forest and agricultural biomass, in the manufacturing process of ceramic tile products, for that we have shown a methodology for biomass resources evaluation and present relevant data on forest and agricultural biomass for the ceramic tile industry in the Castellon province. Secondly we have identified that the part of the manufacture of ceramic products where it can be more easily introduced is in the drying phase of the production process, as we have also shown, the driers of the green bodies of the tiles consumption representing 9% of actual thermal energy consumption. And thirdly, we have assessed the reduced environmental impact from the manufacture of ceramic materials through a reduction in carbon dioxide emissions of about 0.5 to 0.6 kg CO2 per m 2 , taking into account biomass transport and conditioning. However, technical, economic and social analysis of each identified opportunity has to be further studied for obtaining a better picture of the challenges to boost the sustainable use of biomass for energy in the production processes of the ceramic industry.
